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ABSTRACT 


A visual and photographic survey of the shore and ocean bottom 
to 600 feet (100 fathoms) depth was performed off selected sites 
on the east coast of Andros Island, Bahamas. Climatology and 
oceanographic conditions are also presented. Survey methods 
employed both SCUBA divers and a manned submersible (Perry 
Cubmarine PC3-B) to provide direct visual observation and 
measurement of bottom features. 


The Andros shoreline was observed to vary considerably in mor- 
phology and composition: barrier reef development ranges from 
well-developed to virtually non-existent from north to south along 
Andros Island. A marginal escarpment commencing offshore 
between 14 and 16 fathoms was observed to descend almost 
vertically to 100 fathoms. Various morphologic features of the 
escarpment suggest a lowering of sea level and subsequent sub- 
aerial and intertidal erosive processes which have been active 
in the recent geologic past. 


12 


25 


22 


§ 


LIMA 


OT 


nnn 


ERRATA - TR 189 


ist Paragraph, 
last sentence 


Figure 9, caption 
end paragraph, 
4th sentence 


Plate 25(A) 


Plate 25(D) 


Read: 


Read: 


Read: 


Read: 


. Read: 


"easterly" oan 
"westerly" 


"Fresh Creek" Rare 
"Deep Creek" 


"Visibility" Por 
"Visability" 


"CAVES" for 
"CORES" 


"TSCARPMENT" for 
"}WXCARPMENT" 


| WoodsHole Oceanographic Institution | 

dis ee 

ATLAS < GAZETEEERCCOLLECTION | 
ee 


pes ae 


Soot 2 i 


mT MNT 


‘ A 


iigariiveia’s Jal 
ayia OFSL 


i 
\ a. 
Fal ly ie py ; Caieai vk Be 
t hts / 
Nace tat A 
m,) : Pag t ty 
y is ; 
K j pair 
Oe. tes mice ky Lita Pe ew We) 
_ ‘ ery ek a ita 
i q,! i ‘ ¥ i t 
rs il Tey p a / : a ee: i fe 
oe, 9 vate a aan re Va ee > 
- 1 ¥ i 7 
7 ) iy ; 7 ' . ‘ 
9 # 
4 " , ‘ % 


i if \ 
: A . 
ke nS 1 
oe y vr 
¥ 
i 
* 
~ a, 
' ; 
= AS | 4 
-y ; ; 
K 
£: or be 
4 Fake we i‘ 
rd “ Pte aes ' 
} a / 
n t ahs4 
hy v pe fe ee 
Saher Ae eee 
yl pas Ps apa 
rig Re ae ry 
mi is 
i 
‘ ; os me. 
a, 
i rt a 
¥ bes | & 
ha i fi § 
me 
c ‘ 
«' \ 
i 
x _ 
. ° 
; x 
a 1” 
pen ; 
bane ; 
; ay 
r ft ‘4 1 . 
é Paya 
t ; — 
i gs ade ieeewcd 
sy , 
% ‘ 
RNa % ’ . 
- ‘ F i 
i ‘bi 
* * 
rf \y 
ie 
, id ip 


FOREWORD 


This report presents the results of visual and photographic 
underwater surveys from the shoreline to a depth of 600 feet 
along selected routes off the eastern coast of Andros Island, 
Bahamas, Additional oceanographic and meteorological data are 
included which were obtained during previous surveys. This is 
the U. S. Naval Oceanographic Office's first survey utilizing 
SCUBA equipped divers and submersibles and represents a further 
expansion of our data collection and survey capabilities to 
provide a more lucid presentation of ocean environmental 
characteristics. 


The survey was performed to provide information applicable 
to the installation of submarine cables in support of the U. S. 
Navy's Atlantic Undersea Test and Evaluation Center, 
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Rear Admiral, U. S. Navy 
Commander 

U. S, Naval Oceanographic Office 


eh 


Sine yarze 
paar Ole th 
per .ee wl ciett 

Wee O2ab Mody 


Es ality geen 
ee Ste Yh 
Pea yeut od 2) 1He2 
OF vw ill {a 


on 

fy 

4 “} s4 
' es. eae 

— S a 


ue Sr ey Me: sir ae: 
wai fa i ce ei 0% Het) et roe ers rer tk 


Heaaitint Me VAL Ait one oF baierotaeq AW: eout hte 
eA ae ial Oe ak nt paitoatas "Ane: nothe esent 
Gi) ty Sal We bike: tay l eeaepbedh Ada th: 


eae ie 4) 
ano ike 
oa. 7 
. Meh ait fia vi} he 
: ite. Aa) all a 
} Af 


thudiw Hy saneihs ‘sdb yhaion 
Py oe he oid erause tae) 

12 Jerse sf er dat irs 
hinaton ixivie "tg Hye rs 
i 


hd iat “ha to coumelise bynes: a 
Uh aya ban “apse Les esek tise 
feng imeasa 26. spe PM IPR een) Astor m 


* 


pO errs re ar ne ae STE oS SERS RE SEE 
| RED EE es 6 7, or 


Woods Hole Oceanographic Institution 


ATLAS - GAZETTEER COLLECTION 
ine 


TABLE OF CONTENTS 


FONNON 6 5 6 56 566 0 0c 
LIST OF FIGURES ..... 
LS OE WAUES go 5 6 6 oc 
Ine OIE PETES 6 5 6 o 
ENTRODUGEEON ern ct tenene 
Field Methods .... 


Geologic Setting... 
Previous Studies ... 


CLIMATOLOGY AND OCEANOGRAPHY 


Climatology ..... 
NGeS =) eect ones ikeh atiae 
WAVICS#™ you astro) tot boicel veress 
FRESH CREEK (SITE 1)... 
SALVADOR POINT (SITE 2) . 
BIG WOOD CAY (SITE 3) .. 
GOLDING CAY (SITE 4)... 
DEEP CREEK (SITE 6) ... 


HIGH POINT CAY (SITE 7) . 


UPPER MARGINAL (RIM) ESCARPMENT 


SUMMARY AND CONCLUSIONS . 


REFERENCES) <7 3 2 


1, Location of Survey Sites... . 


FIGURES 


Page 
Seo LONGO aio Oilo wo) onc. c iv 
a) se le “el “ete (oe: ie 6 6 18 6,16 Vv 
Si Oh CC OO kOe De Dt Onc Deke vi 


e e eo os e e@ e e @ es 6 ¢ e vii 


eo 8.671 ‘ie ‘se ee Oe), NOL) a) Ae: 1 
e e 8: Oe e We: te. ie e e e © 1 
® © .© (6 18 \@ .e “e O Oo eo 8 4 
e 8 eo e e 8 e ° e e e 5 
eo e eo e@ 0 eo 8 e 8 eo e e@ e 6 


bo 0 0 © 6 a 6 0 0 0 6 11 
oN Leh ar eyes 0 et stron wet ual etre 14 
ca 0 0 O46 o 0 OOO to 16 
o 00 6 OM OO 5 6,0 18 
6 0lo 0 6 60 OO 60 0 19 
0.6 0 Oo 010 6 0/0 6c O10 22 


10. 


FIGURES (Cont'd) 


Sikeeen Greve Or Suave, SUES 6 6 60 0 6 500 


Seasonal and Annual Wind Rose at Mangrove Cay, 
Andros Island e ° e e e e e e ° e e s e e e e e e e e e 


Wind Wave Rose Histogram, Tongue of the Ocean ..... 
Fresh Creek: Bathymetry and Survey Area... ..«s « « 


Salvador Point: Bathymetry, Survey Track, and 
LOCEKeOM Gre NEP PWS 6 6 6000000000000 6 


Big Wood Cay: Bathymetry, Survey Track, and 
LoeeNeaein Ose WEbdKEH PWS 5 56560060000000000 


Golding Cay: Bathymetry, Survey Track, and 
ieee yes @se EEA EIe UIHYS 6 6 6 5000000 


Deep Creek: Bathymetry, Survey Track, and Location 
Oe MEIKE BWOVYS 56505000000 GD0000000 00 


High Point Cay: Bathymetry, Survey Track, and 
LOXCRETO mM Oi Werke BUOYS 6 5 6 6100006000600 0 


TABLES 
Summary of Meteorological Observations at Mangrove 
Cay, Amebros lisitemel (CIES) 56 6 600050000000 


Tidal Differences Relative to Hampton Roads, Virginia 
eis Wevenlong NUINKG S868 56 6 6 6 0-05 60000010000 


Comparison of Possible Wave Heights in the Tongue of 
the Ocean for Different Fetch Orientations ......-s. 


Page 


17 


20 


21 


23 


al 


16. 


17. 


PLATES 


Fresh Creek: Aerial Photographs of Site; Beach 
Face and Lagoon-Reef Configuration. Lagoon Bottom 
at 6 Feet Depth ° e ° ° . e ° C) e e e ° e t} O ° O 


Fresh Creek: Barrier Reef and Outer Platform . 


Fresh Creek: Outer Platform and Rim Escarpment... . 


Salvador Point: Aerial Photograph of Site; Beach Face 


ciel Ibori Wile WEES 9 5600560000000 00 
Salvador Point: Lagoon Bottom ... ....« « 


Salvador Point: Patch Reef and Barrier Reef 


Big Wood Cay: Aerial Photograph of Site; Beach Face 


andy Low Tide; Terracetan nieceic le) veh Sha louie eee 


Big Wood Cay: Low Tide Terrace and Lagoon Bottom 
aie BOWS LO 456 5600000000000 00 0 


Big Wood Cay: Lagoon Bottom Buoys 1 to 4 and5S . 
Baie Wi@oal Cayvg Cicer PNA 6 56 56 6 0 oo 
Big Wood Cay: Outer Platform and Rim Escarpment 
Golding Cay: Shoreline and Cay Rock ...... 
Golding Cay: Bottom From 25 to 36 Feet Depth. . 


Golding Cay: Bottom from 45 to 120 Feet Depth . 


Golding Cay: Outer Platform Edge and Rim Escarpment 


Deep Creek: Backshore Area, Country Rock, and Beach 


Face e ° e . ° ° . o e * @ e ° ° ° e e 8 ° OO 


Deep Creek: Lagoon Bottom and Patch Reefs ... 


e 


Page 


46 


47 


18. 


SE 


20. 
Blko 
Ble 
Zire 


24. 


25) 


26. 


Cie 


28. 


PLATES (Cont'd) 


Deis) (eeeics Owlsere Wiletekergm 5 6 665 4 050600590 


High Point Cay: 
WANES 6. 6 0 oO 


High Point Cay: 
High Point Cay: 
High Point Cay: 


High Point Cay: 


North Shore of Cay Above and Below 


Roweom aie mus 5 aime @ 5 5 6 56 56 oo 
oreom ate BOYS 7 Amel) 46 6 5 5 5600 


Bottom at Buoys 10 and ll . 


Outer Platform Edge and Rim Escarpment . 


Western Marginal (Rim) Escarpment from Outer Platform 
laces EQ O00 Feet WENN ooo 5000000000 0006 


Drawings Showing Major Marginal Escarpment Features . 


Representative Photographs of Rim Escarpment from 210 
CO GlZ WES WENN 5 566050000000 dD Oooo 


Representative Photographs of Rim Escarpment from 343 
CO SO) Bese WENN 6 6 6 6 0b oOo 


Drawings of Major Shallow-Water Features Along the 


Courses Surveyed 


e e ° ° a) ° ® Oo :0 e e eo ° ° e e ° 


vill 


Page 


48 


49 
50 
51 
52 


53 


54 


55 


56 


57 


58 


INTRODUCTION 


Between 5 through 20 May 1964, the U. S. Naval Oceanographic Office 
in conjunction with the U. S. Naval Photographic Center performed an 
onshore and underwater cable route survey off the eastern coast of 
Andros Island, Bahamas. Surveys commenced ashore and proceeded under- 
water offshore along predesignated bearings to a depth of 130 feet. 
Survey sites were Salvador Point, Big Wood Cay, Golding Cay, and 
Deep Creek. Following this phase of the survey a similar operation 
was pursued off Fresh Creek and High Point Cay in June 1965. In 
addition, a manned submersible (Perry Cubmarine PC3-B) was employed 
to investigate the bottom to a depth of 600 feet off Fresh Creek, 

Big Wood Cay, and Golding Cay (Figures 1 and 2). 


The purpose of the survey was to provide information on the 
nature of the bottom for future submarine cable,installations off 
Andros Island in support of the U. S. Navy's Atlantic Undersea Test 
and Evaluation Center (AUTEC). Additional information regarding 
oceanography and climatology was obtained prior to these operations 
to fulfill other project requirements. 


FIELD METHODS 


SCUBA surveys to a depth of 130 feet were conducted from aboard 
R/V AQUANAUT out of Nassau, New Providence Island. Predesignated 
onshore cable termination sites were located using aerial photo- 
graphs and survey monuments from previous site surveys. Survey 
tracks were established by positioning a transit over the onshore 
site marker and sighting along the proper bearing. At a measured 
distance from the shoreline, and guided by shore signals, styrofoam 
marker buoys were placed at intervals along the track. Subsequent 
to installation of the buoys, divers took still and motion pictures, 
samples, and measurements of the bottom at each buoy and between 
buoys where a change in bottom characteristics occurred. 


Diving operations with PC3-B commenced immediately seaward of 
the barrier reef off Fresh Creek, in the center of the boat channel 
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between Big Wood and Gibson Cays, and several hundred yards east 

of the center of Golding Cay. In all cases the commencement point 
was established with Decca Mark X and the submersible then proceeded 
due east along the bottom to a depth of 600 feet. 


Still photographs ashore were taken with a Press Type 4" x 5" still 
picture camera; underwater stills were taken with a 35 mm "Calypso" 
camera. Motion pictures were made underwater with a "Sampson" under- 
water camera uSing artificial and natural light. 


GEOLOGIC SETTING 


Andros is the largest of the Bahamian islands. It is centered 
at approximate latitude 24°29'N., and longitude 77°52'W., on the 
Great Bahama Bank, and constitutes the western land boundary along 
the majority of the Tongue of the Ocean (Figure 1). Barely more 
than 30 miles wide, the island is approximately 90 miles long. A 
network of tidal channels and marshes, calcareous mud, and mangrove 
thickets characterize the geography of the west coast of the island. 
Conversely, the east coast is well defined by alternating deposits 
of sand and beachrock. A barrier-type reef extends along the eastern 
coast of Andros and is separated from the island by a shallow lagoon 
which does not exceed 3 fathoms in depth. 


A major part of the island is covered by low shrubs and trees 
supported by a well-indurated, medium to fine-grained, oolitic 
limestone. There is virtually no topsoil covering the limestone 
country rock; instead, a few inches of humus collects here and there 
in the cavities and depressions honeycombing its surface. 


The lagoon averages one mile wide and a maximum 2 to 3 fathoms 
deep. The lagoon floor is an extension of the Andros country rock 
and is covered by a varying thickness of medium- to coarse-grained 
calcareous sand. In some areas (Fresh Creek, Salvador Point, Deep 
Creek) the sand is as much as 5 feet thick, while in other areas 
(Big Wood Cay; Golding Cay; High Point Cay) only a thin, shifting 
veneer iS present. 


The reef off the eastern coast of Andros extends from the Berry 
Islands in the north to Pigeon Cay in the south. It varies in 
development, does not present a solid barrier throughout, and is 
more pronounced at some locations than at others. According to 
Newell et al (1957), the reef consists of a narrow ridge of oolite 
which rises in places to form small cays, and in certain areas has 
been overgrown with algae-coral encrustations which form a broad 
underwater ridge several hundred feet wide. 


Seaward of the reef an outer platform extends eastward a quarter 
of a mile or more. The platform terminates abruptly at a depth 
between 14 and 16 fathoms where a sharp break-in-slope occurs which 
serves as the boundary delineating deep from shallow water. At the 
break-in-slope an escarpment descends almost vertically to depths 
between 100 and 120 fathoms. Below this depth, the slope gradient 
decreases continuously toward the deep sea floor in the center of 
the Tongue of the Ocean. The uniform slope seaward of the outer 
platform is interrupted in several places by terraces which parallel 
the barrier reef. 


PREVIOUS STUDIES 


Prior to this study, considerable effort was expended on AUTEC 
site surveys in connection with base construction and dredging. 
Other studies, not connected with the project, provided oceano- 
graphic information of general and specific interest. 


NAVOCEANO performed bathymetric surveys of the lagoon and 
reef areas off all the sites, as well as in the Tongue of the 
Ocean, which provided coverage of the areas studied herein. 
Private organizations performed surveys of the land sites for 
construction purposes and provided detailed topographic maps. 
In some instances, the contractors made soil borings in the 
lagoon to determine the unconsolidated sand thickness. 


Newell et al (1957) charted the entire Andros reef and their 
results provided an excellent and detailed guideline for this 
Study. 


Tidal measurements initiated by NAVOCEANO (IMR 0-21-64) in 1963 
have been reported and are continuing at Salvador Point and Fresh 
Creek. 


DeLeonibus (1960) calculated theoretical wave heights under varying 
conditions of wind and fetch in the Tongue of the Ocean. 


Meteorological data were provided by the Bahamas Meteorological 
Service which maintains a permanent observation station at Mangrove 
Cay, Andros Island, and other islands throughout the Bahamas. 


CLIMATOLOGY AND OCEANOGRAPHY 


Monthly air temperatures, humidity, rainfall, and wind speed over 
a four year period at Mangrove Cay is presented in Table 1. Seasonal 
and annual wind roses as measured from November through October 1963 
are shown in Figure 3. No wind directions were available from 1957 
to 1960. 


Winds approaching hurricane strength are most probable in the 
months of August, September, and October when 79 percent of the 
hurricanes occur. An average of two hurricanes invades the Bahamas 
annually. 


TIDES 


Tidal corrections to be applied to tide predictions at Hampton 
Roads, Virginia, from Fresh Creek, Salvador Point, and Pigeon Cay 
are presented in Table 2. Tides in the Bahamas are semi-diurnal 
with a diurnal inequality, and show a mean range of approximately 
3 feet. Tidally induced currents in the lagoon are generally low 
speed (<0.2 kts). In the Andros Bights (e.g., between Big Wood 
and Gibson Cays) the current can reach 1 knot. 
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FIGURE 3. SEASONAL AND ANNUAL WIND ROSE AT MANGROVE CAY, 


ANDROS ISLAND, NOV. 1962 THROUGH OCT. 1964. 


Table 2 
Tidal Differences Relative to Hampton Roads Predictions 


High Water Low Water 
Time Height Time Height 
hr. min. ft. hr. min. ft. 
Fresh Creek -1 WH +0.6 -1 36 +0.7 
Salvador Point -1 41 +0.9 -1 42 +0.7 
Pigeon Cay -1 05 +0.9 -1 05 +0.7 
WAVES 


The barrier reef provides an effective breakwater for waves generated 
in and outside of the Tongue of the Ocean. Consequently, much of the 
shoreline on Andros is protected. A wave height of one foot inside 
the windward lagoon is rare. Along the eastern shore of Golding Cay 
and High Point Cay, where there is a sheer rock wall over 15 feet 
high, waves may, however, exceed the one foot height. There is 
no barrier reef to protect either island. Consequently, the sea- 
ward side of the island receives the full force of all westerly 
waves. 


In the Tongue of the Ocean, theoretical wave heights of 11.3 feet 
can be generated at a wind speed of 26 knots. DeLeonibus (1960) 
presented Figure 4 which represents observed seasonal wave heights, 
direction, and frequency in the Tongue of the Ocean. From the same 
report (Ibid) Table 3 summarizes the most probable wave heights 
from all directions for wind speeds ranging from 10 to 26 knots 
under unlimited duration at the downwind edge of the fetch. 
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Table 3 
Comparison of Possible Wave Heights in the 
Tongue of the Ocean for Different Fetch Orientation 


Max. Fetch Wind Speed (knots) 

Wind Length 10 14 18 22 26 
Direction (N.M.) Significant Wave Heights (ft) 
NW - SE 120 1.4 3.2 6.1 10.0 11.3 

N-S 70 Ge SiGe? GI GPS GES 
NE - SW 20 1.4 2.8 3.0 3.4 4.3 
E-W 20 Neer Zo SOS Both 1633 


Some swell can occur as a result of persistent northeasterly winds 
and a considerable amount may be refracted around Clifton Point on 
the western end of New Providence Island into the TOTO. 


FRESH CREEK (SITE 1) 


Site 1 is two miles south of the entrance to Fresh Creek on 


Andros Island. 
Instead, the entire area delineated in Figure 5 was 


survey. 


No specific bearing was followed during the Site 1 


reconnoitered and representative bottom photographs were taken. 
Survey efforts concentrated on the barrier reef and outer platform 
where divers were towed underwater on plane boards normal to the 


reef along 


tracks positioned with Decca. 


The backshore area consists of a sand dune 3 to 4 feet high 


covered by 
beach face 
calcareous 
yards into 
toward the 


extension of Andros country rock into the lagoon. 


low shrubs and bushes which terminate sharply at the 
(Plate 1). The beach consists of a medium-grained, 
sand sloping gently seaward. The first several hundred 
the lagoon a clean, sandy bottom is present; proceeding 
reef the sand thickness decreases and overlies the 

The lagoon 


bottom supports a thinly populated community of various marine 


organisms. 
veneer the 


In places where the bottom has little or no sand 
organisms have concentrated to form a local topo- 


graphic high 3 to 5 feet above the general lagoon depth of 
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SCALE 1:17,500. 


10 feet. 


In the Bahamas, localized areas of luxuriant marine growth 
(corals, algae, sea fans, etc.) are called "heads." This term 
will be applied to describe such features here. 


The lagoon is 1500 yards wide and transition from lagoon to reef 
is abrupt and marked by a sharp decrease in depth and an increase 
in bottom organisms. 


Ranging between 200 to 400 feet wide, the barrier reef provides 
a sharp delineation between lagoon and outer platform (Plate 1). 
The reef is dominantly populated by Milleporidae, Acropora Palmata, 
Agaricia agaricites and various alcyonarians (Plate 2). At low 
tide the reef breaks the surface in several areas and, although 
a few channels provide passage between lagoon and outer platform, 
generally presents a solid barrier in the area reconnoitered. 
Approximately 100 yards south of the southern boundary of the 
area studied, the solidarity of the reef gives way to scattered 
heads separated by wide channels 10 to 12 feet deep. 


A sharp increase in depth, and a decrease in coral abundance, 
marks the eastern or seaward termination of the reef and commence- 
ment of the outer platform (Plate 2). Extending approximately 500 
yards from barrier reef to marginal escarpment, the outer platform 
ranges from 10 feet to 120 feet deep, and terminates sharply into 
a precipitous upper marginal or rim escarpment. Between the 
barrier reef and 20 feet depth the outer platform consists of 
a hard bottom covered by a thin veneer of coarse sand with 
occasional gorgonians and scattered massive corals, e.g., 

Diploria strigosa, In depths greater than 20 feet the population 
Of corals and other marine organisms gradually increases to the 
point where, between 40 and 60 feet, a virtual forest of corals 
is present. This "coral forest" is dominated by tall columnar 
forms of Montastrea annularis, These range from 15 to 20 feet 
high and are dissected by blindly terminating channels 5 to 10 
feet wide and floored by a loose, coarse sand (Plate 3). The 
luxuriance and variety of marine life on this area of the outer 
platform is extraordinary and attests to the vigorous water 
circulation necessary to support such a community. Between 60 
and 80 feet in depth the coral abundance gradually decreases 
and gives way to low (2 to 4 ft. high) heads arranged generally 
in a spur and groove configuration normal to the reef. From 
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100 to 120 feet in depth the hard outer platform departs from its 
gentle seaward slope. There it assumes a dip between 30° and 40° 
which terminates at 120 feet where a terrace approximately 150 

feet wide extends to 130 feet depth at the top of the rim escarp- 
ment (Plate 3). The face of this escarpment is discussed on page 24, 


SALVADOR POINT (SITE 2) 


Site 2 is located 16 miles south of Site 1 and 35 miles south- 
southwest of New Providence Island. The shoreward cable termination 
is at latitude 24°29'25"N., and longitude 77°43'9.28"W. This 
co-ordinate is 250 yards inland of the high water line and 
approximately 500 yards north of the settlement of Cargill's 
Creek. 


Backshore area of Site 2 consists of a 6 foot sand dune which 
slopes at approximately 7° to the high water line (Plate 4). The 
sand is medium-coarse grained calcarenite which overlies, in 
excess of 3 feet at the crest, a well-indurated beach rock. The 
beach face terminates abruptly at the low tide terrace and is 
replaced by a hard limestone dipping gently (2-3°) seaward. 
Beachrock comprising the low tide terrace is well lithified and 
sculptured with depressions and cavities a few inches deep and 
over 1 foot across. The low tide terrace terminates approximately 
350 feet seaward of the beach face (marking the limit of Mean Low 
Water). A few hundred feet seaward of the foreshore termination 
the bottom consists of a mixed community of small corals, calcareous 
algae, and sea fans growing on submerged beachrock. This mixed 
community diminishes 200 feet seaward of MLW and is replaced by a 
medium-grained sand and grass association. A typical section of 
the lagoon bottom off Salvador Point is shown in Plate 5. There 
is little variation in the sand-grass association along the track 
surveyed, and all indications suggest a stable bottom. Bathymetry 
of the area from the shoreline to the break-in-slope is presented 
in Figure 6. 


Near the barrier reef (Buoy 8) a large head supporting corals 
and hydrocorals of the genera Diploria, Favia, and Millepora as 
well as alcyonarians and other organisms appears (Plate 6). 

This is the only departure from the sand-grass association. 
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Transition from lagoon to barrier reef is abrupt and characterized 
by a sharp decrease in depth and change in bottom characteristics. 
The reef is extremely rough with numerous corals and reef debris 
up to 3 to 4 feet across (Plate 6). The most shallow portion of 
the reef is 300 to 400 feet wide and, in some areas, awash at low 
tide. 


Immediately seaward of the reef a sharp increase in depth occurs, 
and at 14 to 16 fathoms the break-in-slope is reached. Below the 
break-in-slope the bottom is essentially vertical to 100 fathoms. 


Immediately adjacent to the seaward side of the reef, on the outer 
platform, are coral heads ranging from 2 to 10 feet high which present 
an extremely angular, irregular, hard bottom. Seaward, this 
association gives way to a spur and groove configuration in which 
the coral heads are dissected into channels 15 to 20 feet deep and 
wide. The bottoms of the grooves or channels are hard and covered 
by a thin, shifting veneer of sand, loose cobbles, and boulders. 

The spur and groove configuration is obscured near the break-in- 
slope owing to an increase in sedentary organisms. 


In essence, the barrier reef and the outer platform consists of 
a hard, irregular bottom incised by channels and grooves, and 
reflects an area subject to vigorous water turbulence. 


BIG WOOD CAY (SITE 3) 


The survey at Site 3 commenced ashore at approximate latitude 
24°20°18.3"N., and longitude 77°41'00.45"W., 300 yards west of the 
eastern shoreline on the southeast tip of Big Wood Cay. Bathymetry 
along the survey track of 058° to the break-in-slope is shown 
in Figure 7. 


Loose sand overlying a well-indurated limestone composes the 
backshore. Immediately west of the dune crest a stand of palm 
trees gives way to thick, dense shrubs (Plate 7). A few hundred 
feet inland the sand covering is absent and rough, angular lime- 
stone supports thickets of mangroves and other low brush. 
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The beach face is steep and consists of an unconsolidated, 
medium-grained calcareous sand. This is a relatively narrow zone 
with the lateral distance from crest to the commencement of the 
low tide terrace approximately 30 feet. At the low tide terrace, 
the sand terminates abruptly and is replaced by a hard, well 
eroded limestone. The low tide terrace is 275 feet wide along 
the survey track and is similar in appearance and composition to 
the terrace off Salvador Point. Occasional tide pools are present 
in the beachrock which provide local topographic irregularities. 


The lagoon bottom between Big Wood Cay and the offlying reef 
varies substantially from the bottom off Salvador Point. Here 
the bottom consists of hard, eroded, and fractured rock which 
supports numerous and varied organisms. Sea fans and whips 
dominate the area and scattered coral heads provide relief of 
from 1 to 2 feet. Plates 8 and 9 are typical of the bottom 
throughout the lagoon. Lack of a thick sand covering and marine 
grasses indicates strong water circulation. Circulation is 
periodic and controlled by the ebb and flood of the tide in the 
channel between Gibson and Big Wood Cays where a current speed of 
1 knot can be observed. 


The barrier reef is less distinct along the survey track off Big 
Wood Cay than at Salvador Point, and is delineated by an increase 
in coral abundance and species. A few hundred yards north and 
south of the survey track, the reef is well-developed and stands 
a few inches above the water surface at low tide. Seaward of 
the reef the outer platform is similar to that described at 
Salvador Point. The bottom changes from a forest of coral heads 
off-reef to a spur and groove configuration in intermediate areas, 
and finally to a texturally rough and abrupt break-in-slope 
(Plates 10 and 11). 


GOLDING CAY (SITE 4) 


Golding Cay is a small island located in the entrance to South 
Bight. The cay is 600 yards long and 430 yards wide at the maximum. 
It is 25 feet high in the center and rises abruptly on the east 
from water depths in excess of 25 feet and slopes more gradually 
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westward into the shallow South Bight. 


The survey commenced at latitude 24°13'08.6"N., and longitude 
77°36'11.0"W., and followed a bearing of 125° from the eastern 
side of the island. The surface of the cay is covered with low 
shrubs and bushes, except the eastern margin where various grasses 
prevail. No soil covers the cay, but instead a hard, extremely 
rough, irregular limestone constitutes the surface (Plate 12). 
The eastern shore of the cay is distinctly different from the 
shore at the previously discussed sites. Instead of a sandy, 
gently sloping beach, an essentially vertical, bare rock wall 
descending to a water depth of 25 feet is present. No barrier 
reef protects the cay from surf action. Therefore the full 
force of all waves coming in from the Tongue of the Ocean is 
sustained along the eastern shore (Figure 8). 


Between Golding Cay and the rim escarpment, the sea bottom 
Supports a luxuriant and varied community of organisms. From 
the shore to approximately 1,500 yards seaward, the bottom is hard, 
rough, and covered with coral heads as much as 10 to 15 feet in 
height and diameter (Plate 13). Locally, ripple-marked, sandy 
areas separate the heads (Plate 13D). Approximately 1,400 
yards from shore, the virtually continuous coral growth breaks 
into isolated clumps separated by areas of coarse sand. Beyond 
this to the break-in-slope, a barren sand with scattered 
gorgonians and soft green algae prevails (Plate 14). The 
outer platform edge displays an increase in organisms and a 
rough, hard surface (Plate 15). 


DEEP CREEK (SITE 6) 


Site 6 is located on the Andros shoreline, 60 miles south of 
New Providence Island and 1 mile north of the entrance to Deep 
Creek. The survey track commenced at latitude 24°00'23.3"N., 
and longitude 77°31'44.0"W., and proceeded along bearing 035°. 
Bathymetry along the survey track is presented in Figure 9. 

The backshore area consists of low shrubs and bushes growing 
atop a well-indurated, eroded limestone (Plate 16). Seaward, 
the bushes give way to a row of coconut trees and then to an 
area approximately 100 yards wide consisting of sand dunes 5 
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feet above mean sea level. The shoreline is straight, smooth, and 
dips gently seaward. 


The country rock, as at the other sites, continues out into the 
lagoon to the barrier reef and is covered with unconsolidated sand 
ranging in thickness from 1.5 feet nearshore to 5 feet at 1 mile 
offshore. 


The entire lagoon bottom along the survey track consists of a 
clean, ripple-marked calcareous sand (Plate 17). Scattered 
throughout the lagoon are irregularly shaped patch reefs (heads) 
ranging from a few feet to 300 feet across and, in many instances, 
awash at low tide. The contact between sand and heads is sharply 
defined and the change in relief is abrupt. The patch reefs 
support a striking variety of sedentary and free-swimming 
organisms. 


At Buoy 10 (1.6 miles from shore) a dense growth of grass 
appears which gradually transcends seaward into corals and other 
organisms (Plate 18). Buoy 10 is at the approximate location of 
the barrier reef. The reef is not well-developed along this track, 
and no distinct change in bathymetry marks its boundaries. Seaward 
of Buoy 10 dense coral growth dominates, and assumes the same 
pattern as at Golding Cay, e.g., isolated heads and sand areas. 
This pattern continues to the rim escarpment. 


HIGH POINT CAY (SITE 7) 


High Point Cay is the southernmost site studied and is a small 
cay located approximately 700 yards east of Andros Island and 50 
miles south of Site 1 at Fresh Creek. The cay is 1,700 yards 
long, 300 yards wide and reaches an elevation of 50 feet on the 
eastern end (Figure 10). 


The survey commenced at latitude 23°54'01"N., and longitude 
77°29'20"W., on the north shore of the eastern end of the cay. 
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At this point the elevation is 47 feet and the shoreline descends 
almost vertically to a depth of 5 feet below mean low water. The 
base of the shoreline below water level is undercut approximately 
4 feet and is thoroughly pitted with small angular cavities (Plate 19). 


Proceeding along bearing 057° for a distance of 1,750 yards the 
bottom consists of a hard limestone covered by a thin veneer of 
coarse sand. Occasional solitary corals occur along the track to 
Buoy 8. In addition there are isolated heads supporting a sparse 
marine community (Plates 20 and 21 A & B). In the vicinity of 
Buoy 9, the bottom changes to a head-sand association. The 
heads are generally 4 to 5 feet high and up to 10 feet across. 
Proceeding due east from Buoy 10 the heads increase in abundance 
to the break-in-slope which occurs at Buoy 12, where the bottom 
consists entirely of hard, angular corals and algae supporting a 
variety of soft, sedentary organisms (Plates 21 C §& D to 23). 


UPPER MARGINAL (RIM) ESCARPMENT 


The upper marginal escarpment is that area between the break- 
in-slope at the eastern edge of the outer platform (14 to 16 
fathoms depth) and the TOTO flanks to 100 fathoms depth. The 
100 fathom contour is arbitrarily selected due to the depth 
limitation of the surveying vehicle. The concensus of opinion 
(Schalk, 1946, Armstrong, 1953, Newell and Rigby, 1953), places 
the bottom limit around 100 fathoms. Athearn (1963) presented 
and discussed in detail the bathymetry of the TOTO and stated 
that the slopes appear to be nearly vertical in the upper 100 
fathoms with a distinctly less steep slope below. Detailed 
bathymetric surveys by NAVOCEANO off the sites discussed here 
show results compatible to those of Athearn (Ibid.) and places 
the lower limit of the rim escarpment between 110 and 130 fathoms 
in depth. 


Four areas of the rim escarpment were studied by proceeding 
due east from the following locations to a depth of 600 feet: 
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Dive No. Latitude (N) Longitude (W) Depth(ft) 


Fresh Creek 1 24°42.1' 77° 44.6! 11 
Fresh Creek 2 24°43.0! 77°45.3° 12 
Big Wood Cay 3 24°20.0° 77°41.25! 16 
Golding Cay 4 24°13.2! 77°36.0' 30 


A sketch showing the major features and their depth of occurrence 
is presented in Plate 24 which is a composite representation of the 
wall as derived from data collected on all dives. Regionally, little 
difference is present in the rim characteristics at all four locations. 
The spur and groove configuration which is distinct and extends to 
the break-in-slope at dive location 1 is less distinct at dive 2 and 
not present at dives 3 and 4. Also present at dive 1 is a well- 
defined notch in the wall which commences at 170 feet and ends 
abruptly at 200 feet. This notch is continuous for more than 100 
yards on both sides of the survey line and penetrates in excess of 
20 feet into the wall. On the remaining dives no well-defined notch 
was observed. The similarity of this notch to the intertidal notches 
observable at the base of present day Bahamian cays and islands is 
striking, (see Plate 19C of High Point Cay) and strongly suggests 
formation at a previous lower sea level. 


Typically, the rim escarpment between the break-in-slope and 400 
to 450 foot depths consists of a hard rock wall texturally rough 
and thoroughly sculptured by caves, small terraces, and notches 
ranging from a few feet to 20 and 30 feet magnitude and covered 
With a thin veneer of sand in the crevices and on the terraces 
(Plate 25 A&B). Between 400 and 450 feet in depth these features 
gradually diminish and, while not completely absent, give way to a 
wall of smoother appearance, though still texturally rough. This 
configuration continues to 600 feet and at least 20 to 30 feet 
deeper. Visability at the 600 foot depth was between 20 and 30 
feet with ambient light. Occasional large blocks of rock can 
be observed at this depth which have broken off from above and 
slid down the escarpment. Although the wall still appears vertical 
at the 600 foot level an increase in the coverage and thickness 
of the sand veneer suggests a decrease in the slope gradient. 


At the 350 foot level minor undulations trending parallel 
to the wall are apparent. These undulations are no more than 
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1 foot from crest to trough and 6 feet across and are present beyond 
the 600 foot depth (Plate 25C). It is tempting to consider these 

as the commencement of the gullies described by Athearn (1963) which 
are present in the slopes below 100 fathoms and which reach a 
magnitude of 600 feet in height and 1 mile wide. 


Direct measurement of the wall's slope gradient was not possible 
from the submersible. When the submersible proceeded horizontally 
at a distance of 4 or 5 feet from the wall, above the 400 foot 
level, the course lead frequently into a cave or under an over- 
hang. If the submersible was held a few feet from the wall the 
view through the bottom viewing port showed nothing but water 
directly below. Although this is a very rough measurement at 
best, some definitive measurement was provided at dive site 3 
off Middle Bight where several underwater cables leading from 
shallow to deep (> 100 fms) water were present. From the top 
of the rim escarpment to 600 feet the cables were 30 to 60 feet 
away from the wall and never were observed to lay against the 
wall (Plate 25). Since the cable length is sufficient to allow 
the cable to lay on the bottom, this arrangement attests to the 
steep slopes present in the upper 100 fathoms. 


Marine organisms such as algae and coral are present in abundance 
to 200 feet and decrease decidedly below this depth. A specimen of 
the reef coral Agarcia sp. was observed at 340 feet while gorgonians 
and sponges were observed to 540 feet. Below 500 feet the wall is 
essentially devoid of sedentary organisms visable to the naked eye. 


A representative sequence of photographs showing the rim escarp- 
ment off dive site 4 (Golding Cay) is shown in Plates 26 and 27. 


SUMMARY AND CONCLUSIONS 


A graphic presentation of the major shoreline, lagoon, reef, and 
outer (seaward) platform features of the sites studied is presented 
in Plate 28. Although a detailed survey of the lagoon off Fresh 
Creek is not presented, it is almost identical to the survey off 
Salvador Point. Salient characteristics of the areas studied are 
as follows: 


26 


a. Where the barrier reef is well developed the lagoon 
bottom tends toward a thick sand accumulation and stability. An 
exception is Big Wood Cay which is atypical because of strong tidal 
currents sweeping the Middle Bight Channel. 


b. The barrier reef becomes less distinct proceeding from 
north to south along Andros Island. 


c. Where no barrier reef is present, e.g., Golding Cay 
and High Point Cay, the bottom is characterized by scattered large 
coral-algal heads and a thin veneer of coarse sand. 


d. The outer platform supports a more luxuriant coral-algal 
and marine community where barrier reef development is strongest. 


e. Dominant reef corals in the major zones are: 


Lagoons - Favia fragum, Siderastrea radians, Manicina 
pt Es (eer ess 2S ee 
areolata, Porites porites, and occasional 


eel 5 
Diploria strigosa. 


Barrier Reef - Millepora sp., Agaricia agaricites var. 
crassa, Acropora palmati palmata. 


Outer Platform - Montastrea annularis, Porites astreoides, 
SO, eee) ee EE 
Acropora cervicornis, 


Rim Escarpment - Montastrea cavernosa, Agaricia sp. 


f. The outer platform slopes gently seaward and is interrupted 
in some areas by terraces running parallel to the reef. The surface 
of the platform is hard, texturally rough, and has numerous local 
topographic irregularities (e.g., spurs and grooves, scattered and 
closely spaced coral heads). 


The upper marginal or rim escarpment commences generally between 
14 and 16 fathoms and descends almost vertically to depths in excess 
of 100 fathoms. The escarpment face is thoroughly sculptured by caves, 
terraces, and notches strongly suggesting former exposure to sub-aerial 
or intertidal erosion. Below 450 feet in depth these features diminish 
in size and frequency, and the wall, while still texturally rough, 
appears somewhat smoother and sediment accumulation is greater. 
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Below 500 feet large marine organisms are not present and a desolate, 
barren bottom is evidenced. Occasional large blocks of reef rock or 
sections of the wall which have broken off from above and slid down- 
slope are present at the 600 foot level. 
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100 ft. 


TERRACED OUTER PLATFORM. 
HARD, ANGULAR SURFACE. SPUR 
AND GROOVE CONFIGURATION 
WELL-DEFINED TO OBSCURE. 
MARGIN ABRUPT AND SOME- 
TIMES OVERHANGING. 


200 ft. 


NUMEROUS CAVES, TERRACES, 
NOTCHES, AND IRREGULARITIES. 
SLOPE APPEARS VERTICAL AND 
LOCALLY CONCAVE. FEATURES 
STRONGLY SUGGESTIVE OF SUB- 
AERIAL OR INTERTIDAL EROSION. 
THIN VENEER OF COARSE TO 
FINE SAND ON LEDGES. 

LUXURIANT CORAL GROWTH 
TO 200 FEET GRADUALLY 
DIMINISHING AND FINALLY DIS- 
APPEARING BELOW 350 FEET. 


300 fi. 


400 ft. } 


MAJOR RELIEF FEATURES 
DIMINISH BELOW 450 FEET. 
WALL APPEARS SMOOTHER 
WHILE RETAINING ROUGH 
TEXTURE. APPEARANCE OF 
SMALL-SCALE GROOVES TREND- 
ING DOWN-SLOPE. UNCON- 
SOLIDATED SEDIMENT ACCUMU- 
LATION INCREASING. SLOPE 
GRADIENT APPEARS TO LESSEN 
BETWEEN 500 AND 600 FEET. 
LARGE BLOCKS OF REEFROCK 
SCATTERED AT RANDOM. 


500 ft. 


600 ft. 


PLATE 24. TONGUE OF THE OCEAN, WESTERN MARGINAL (RIM) ESCARPMENT FROM 
OUTER PLATFORM EDGE TO 600 FEET DEPTH. 
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PLATE 25. TONGUE OF THE OCEAN, DRAWINGS SHOWING MAJOR FEATURES OF RIM 
ESCARPMENT. (A) CORES, TERRACES AND SAND FLOWS BETWEEN 130 AND 
450 FEET. (B) PROFILE OF SAME AREA SHOWN IN A. (C) ESCARPMENT AND 
CABLES OFF BIG WOOD CAY. (D) SHOWING THE SMOOTHER NATURE OF 
THE EXCARPMENT BELOW 450 FEET. 
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